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Abstract 
Current reforms in mathematics education worldwide include the transition from algorithmic cognitive skills towards higher 
order cognitive skills, particularly critical thinking. Ennis defines critical thinking as “reasonable reflective thinking focused on 
deciding what to believe or do” (Ennis, 1987, 1989). This research investigated the viability and consequences of developing 
critical thinking among students through a program of instruction in probability, employing the infusion approach (Swartz, 1992). 
Statistical comparison of these students' averages in the Cornell tests focused on the relative rate of improvement. An ANOVA 
test showed that the experimental group considerably improved their critical thinking abilities and disposition. 
Keywords: Critical thinking; infustion approch; probability in daily life; disposions of critical thinking; abilities of critical thinking. 
1. Introduction 
The field of education has recognized for decades the need to promote critical thinking skills. The question is 
how this can be best accomplished. Some educators feel that the best path is one that designs specific courses aimed 
at teaching critical thinking; this is called the general skills approach. Integrating the teaching of these skills in 
regular courses in the curriculum is a different approach known as the infusion approach. The question at the heart 
of the argument is, whether critical thinking skills are general or depend on content and on the system of concepts 
specific to that particular content. According to Swartz (1992), the infusion approach aims at teaching specific 
critical thinking skills along with different study subjects, and instilling critical thinking skills through teaching the 
set learning material. According to this approach, such lessons are expected to improve the students’ thinking and 
help them to learn the contents in different study subjects. Swartz also emphasizes that the students should not only 
employ critical thinking skills in class, but also be able to activate them in real-life situations and to recognize 
situations when these skills should be used. For this, an appropriate motivation should be fostered, otherwise these 
skills will remain passive. In this study, conducted according to the latter approach, we have combined the 
mathematical content of the "Probability in Daily Life” learning unit with critical thinking skills according to Ennis' 
taxonomy, restructured the curriculum, tested different learning units and evaluated the participants’ critical thinking 
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skills, to examine whether the learning unit “Probability in Daily Life,” by using the infusion approach, does indeed 
develop critical thinking. 
2. Theoretical Framework 
The theoretical framework for this study had four central elements. 
2.1. Critical thinking abilities by ennis (1987) 
Seven aspects of critical thinking were considered as objective assessment criteria for evaluating the 
incorporation of critical thinking in students' mathematical education and they are induction, deduction, value 
judjing, observation, credibility, assumptions, and meaning. Although these aspects of critical thinking are listed 
separately, overlap between them exists to a certain extent. For example, one might argue that deduction is involved 
in much induction, calling for the listing under deduction of the items listed under inductions. Similarly, one might 
also argue that observation and credibility judgments call for the implications of principles, a deductive process and 
should also be listed under deduction. This legitimate overlap is partially expressed by the items of the Cornell 
critical thinking of level Z and X (Ennis, Millman & Tomko 2005). 
2.2. Critical thinking dispositions by facione (1992) 
The California Critical Thinking Dispositions Inventory (CCTDI) was administered at the beginning and end of 
the unit. The CCTDI is a self report of the students' beliefs, values, attitudes and opinions consisting of seventy-five 
separate items. Questions or statements are posed to which the students have to reply how strongly they agree or 
disagree (on a scale from one to six).  By studying the students' responses, a profile of seven critical thinking sub-
dispositions can be reached. The dispositions measured are: truth seeking, which shows flexibility in considering 
alternatives and opinions; open-mindedness, which shows the understanding of others' opinions; analyticity, which 
shows how persistent the student is in the light of difficulties encountered; systematicity, which shows how 
diligently the student went about seeking relevant information; confidence, which refers to the student's confidence 
is his/her own ability to reason; inquisitiveness, which shows how concerned the student is to become and stay well-
informed; and maturity, which shows how careful the student is in making or changing his judgments. The CCTDI 
range of possible scores extends from 70 to 420, with a score of above 280 showing a positive general disposition 
toward CT (Facion, 1992). 
2.3. The teaching unit "probability in the daily life" (Liberman & Tversky, 2002) 
In this learning unit, which is a part of the formal National Curriculum in Israel, the student is required to analyse 
problems, raise questions and think critically about the data and the information. The purpose of the learning unit is 
not to be satisfied with a numerical answer but to examine the data and its validity. In cases where there is no single 
numerical answer, the students are expected to know what questions to ask and how to analyse the problem 
qualitatively, not only quantitatively. In addition to being provided with statistical tools students are encouraged to 
use their intuitive mechanisms to help them estimate probabilities in daily life. Simultaneously, students examine the 
logical premises of these intuitions, while being alerted to possible misjudgments in their application. Here, the key 
concepts are: probability rules, conditional probability and Bayes theorem, statistical relations, causal relations and 
subjective probability (Liberman & Tversky, 2002). 
2.4. The infusion approach (Swartz, 1992) 
There are two main approaches for fostering CT: the general skills approach, which is characterized by designing 
special courses for instructing CT skills, and the infusion approach (Swartz, 1992), which is characterized by 
developing these skills by embedding them in the teaching of the set learning material. According to this approach 
there is a need to reprocess the prescribed content material in order to integrate the teaching of thinking skills into 
the conventional instruction. In this report, we will show how we integrated the mathematical content of "probability 
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in daily life” with CT skills from Ennis' taxonomy, reprocessed the curriculum, tested different learning units and 
evaluated the subjects' CT skills. One of the overall research purposes was to examine the effect of the infusion 
approach on the development of students’ critical thinking skills through probability instruction. The overarching 
research purpose was to examine the effect of developing CT by the infusion approach. This evaluation was 
undertaken using the Cornell questionnaire (a quantitative test) and quantitative means of analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 .The Infusion Approach 
3. Methods 
The instructional model consisted of a learning unit (30 hours) that focused primarily on statistics in everyday life 
situations. This unit was implemented in an interactive and supportive environment for a class of mathematically 
gifted youth participating in the Kidumatica project at Ben Gurion University. Among the instructed topics were bi-
dimensional charts, Bayes’ law and conditional probability. Critical thinking skills, such as raising questions, 
seeking for alternatives and doubting, were evaluated. Data sources were students’ products, pre and post 
questionnaires, personal interviews and class transcriptions. Students' products (papers, homework, exams etc.) were 
collected. We used Cornell tests (Ennis, 2005) and the CCTDI test (Facione, 1992) to confirm that our students 
developed critical thinking skills. Seventy-one students between the ages of fifteen and sixteen participated in an 
extra-curricular program aimed at enhancing the critical thinking skills of students from different cultural 
backgrounds and socio-economical levels. An instructional experiment was conducted in which probability lessons 
were combined with CT skills. The study consisted of fifteen 90 minutes lessons , spread out over the course of an 
academic year, in which the teacher was also one of the researchers. Data sources were: Students’ products, pre and 
post questionnaires, personal interviews, and transcriptions of classroom dialogue. The students' products (papers, 
homework, exams etc.) were collected. Five randomly chosen students were interviewed individually at the end of 
each lesson and again one week after the completion of the instructional sequence. The personal interviews were 
conducted in order to identify any change in the students' attitudes throughout the academic year. All lessons were 
video-recorded and all public dialogue was transcribed. As well, the teacher kept a journal (log) on every lesson. 
Data was processed by means of qualitative methods intended to follow the students' patterns of thinking and 
interpretation with regard to the material taught in different contexts. As already mentioned, the probability unit 
combines CT skills with the mathematical content of "probability in daily life". This new probability unit included 
questions taken from daily life situations, newspapers and surveys, and combined CT skills. Each of the fifteen 
lessons that comprised the probability unit had a fixed structure: a generic (general) question written on the 
blackboard; the student's reference to the question and a discussion of the question using probability and statistical 
instruments and an open discussion of the question that included practicing the CT skills. The mathematical topics 
taught during the fifteen lessons were: Introduction to set theory, probability rules, building a 3D table, conditional 
probability and Bayes theorem, statistical connection and causal connection, Simpson's paradox, and subjective 
probability. The following CT skills were incorporated in all fifteen lessons: A clear search for an hypothesis or 
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question, the evaluation of reliable sources, identifying variables, “thinking out of the box,” and searching for 
alternatives (Aizikovitsh & Amit, 2008, 2009). Each lesson followed the same four part structure: (1) Given Text; 
(2) Open Class Discussion in Small Groups; (3) Further Discussion Directed by the Teacher; (4) Critical Thinking 
Skills and Mathematical Knowledge. 
4. Results and Discussion 
The research described here constitutes a small step in the direction of developing additional learning units within 
the traditional curriculum. Current research being undertaken by the authors is exploring possible additional 
methods of CT evaluation, including: the Cornell CT scale (Ennis, 2005), questionnaires employing various 
approaches, and a comprehensive test composed for future research. The general educational implications of this 
research suggest that we can and should lever the intellectual development of the student beyond the technical 
content of the course, by creating learning environments that foster CT, and which will, in turn, encourage the 
student to investigate the issue at hand, evaluate the information and react to it as a critical thinker. It is important to 
note that, in addition to the skills mentioned above, in the course of this lesson the students also gained intellectual 
skills such as conceptual thinking and developed a class culture (climate) that fostered CT. Figures 2 and 3 show the 
results of the Cornell Test (Fig. 2) and the CCDTI test (Fig. 3).  
                                                                             
 
Figure 2. Result of Cornell Test                  Figure 3: Result of CCDTI Test 
(** = difference significant at the .005 level; *** = significant at .001)  
Students practiced critical thinking by studying probability. In this program of instruction, the following skills 
were demonstrably practiced: referring to information sources, encouraging open-mindedness and mental flexibility 
(all questions), a change in attitude and searching for alternatives (Ennis, 1991). A very important attribute is 
cognitive determination – to be able to express one's attitude and present an opinion that is supported by facts. In 
this instructional sequence, students could be seen to be searching for the truth, they were open-minded and self-
confident. 
4. Closing remarks  
The small scale research described here constitutes a small step in the direction of developing additional learning 
units designed to develop critical thinking skills within the traditional curriculum. This research has focused on a 
learning unit aimed to promote higher-order thinking skills and more specifically, critical thinking. (i) In all three 
iterations of this research design, a moderate improvement has been detected in the critical thinking dispositions of 
all experimental groups. This improvement may be attributed to maturation and accumulating life experience as well 
as learning proper. All of these are significant factors affecting the development of the students' critical thinking, 
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particularly within the framework of probability. (ii) Throughout these iterations, a moderate improvement was also 
detected in the students' critical thinking abilities. As in the case of dispositions, this improvement can also be 
ascribed to maturation, accumulating life experience, knowledge in other mathematical fields (e.g. geometry 
contributes to the development of deductive skills), and learning proper. (iii) Teaching critical thinking also 
contributes to the construction of these skills in the framework of mathematics. Thus, when teachers consistently 
emphasize critical thinking skills, the students are more likely to succeed in developing these (Ennis, 1991).  
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